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Mitosis is the essential part of cell growth and differentiation cycle (Nigg, 2001). Proper 
chromosome segregation as one important event in mitosis is achieved by the formation of 
well-condensed chromosome with distingushed paired sister chromatids, followed by faithful 
connection between kinetochores and spindle microtubule (Belmont, 2006).  In the previous 
attemp to elucidate mitotic chromosome structure, Uchiyama et al.  identified and classified 
global protein compositions of human metaphase chromosomes into four groups based on their 
compositional characterizations and localizations as chromosome coating proteins (CCPs), 
chromosome peripheral proteins (CPPs), chromosome structural proteins (CSPs), and 
chromosome fibrous protein (CFPs) (Uchiyama et al., 2005; Fukui and Uchiyama, 2007; Takata et 
al., 2009). Subsequent analyses of these proteins using biochemical and knockdown approaches 
revealed novel and essential roles of CSPs and CPPs in mitosis. During mitosis, it has been 
widely shown that chromosomal proteins are dynamically phosphorylated or dephosphorylated. 
Such changes in the phosphorylation states modulate the activity and tertiary structure of 
chromosomal proteins (Lane et al., 2013). However, how phosphorylation regulates chromosomal 
proteins in mitosis is not elucidated yet. Thereby in this study, I aimed to investigate the 
functional importance of phosphorylation of CSPs and CPPs in mitosis. 
Previously, Uchiyama et al. identified a multifuctional protein, Asura as a CPP with 
relatively abundant amount. Interestingly, although Asura is localized in multiple cellular 
compartments, it also localizes on the chromosome (Uchiyama et al., 2005). Subsequently, it was 
revealed that Asura is crucial for mitotic progression and sister chromatid cohesion (Takata et al., 
2007). Present co-immunoprecipitation analysis revealed Asura interacted with a cohesin (protein 
complex that mediates sister chromatid cohesion) subunit, Scc1 in vivo. Present observation using 
Fucci (Fluorescent ubiquitination-based cell cycle indicator) system indicated that Asura was 
indispensible for mitotic progression. Furthermore, conserved PHB domain involving T169 of 
Chk1 kinase motif was identified as the domain responsible for its targeting to chromatin. 
Substitution of the T169 to alanine residue inhibited Asura from complete binding to chromatin 
and mitotic progression. These results indicate that the role of Asura in mitosis is mediated by its 
binding to chromatin through phosphorylation of Asura T169.  
Histone H3 is one of constituents of CSPs and phosphorylation of histone H3 at serine 10 
(H3S10p) is a well-known marker of chromosome condensation, however, the molecular 
mechanism underlying chromosome condensation modulated by H3S10p is unclear. I found that 
inhibition of H3S10p through inhibition of Aurora kinase B prevents chromosome condensation, 
indicating that H3S10p was required for the formation of condensed chromosome. In vitro study 
using reconstituted chromatin containing H3 serine 10 mutated to aspartic acid (H3S10D), 
showed indirect role of H3S10p as no significant changes in the higher-order chromatin structure 
were observed. These results suggested that H3S10p might act as a mark to recruit chromatin 
remodeling factors that are important for chromosome condensation. Interestingly, I showed that 
the maintenance of H4K16 hyperacetylation as one of possible mechanism of H3S10p 
 downstream mechanism, produced high percentage of elongated and less rigid chromosome 
morphology, suggesting H4K16Ac is required for chromosome condensation. In conclusion, these 
studies clearly showed that phosphorylation is essential for functional regulation of the 
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 第 3章では CSPの 1つである H3S10のリン酸化を阻害すると、カリキュリン Aで処理した細胞でも早期染色体凝
縮（PCC）が阻害されることが明らかになる。すなわち染色体の凝縮に H3S10p が極めて重要であることが示される




















































       
